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1. $f$ : $arrow \mathbb{R}^{n}$ $\mathrm{C}^{1}$ , $B\subset \mathrm{R}^{n}$ , $B$ , $0\in \mathbb{R}^{n}$
$f$ , Jacobi $\partial f/\partial x$ at $x=f^{-1}(0)\in B$ , $0\not\in f(\partial B),$ $\partial B$
$B$ , . , $\deg(f, 0, B)$ .
$\deg(f, 0,B)=.\sum_{x\in f^{-1}(0)}\mathrm{s}\mathrm{g}\mathrm{n}(\det(\frac{\partial f}{\partial x})|_{x=x}.)$ , (1)
, $f^{-1}(0)=\{x\in B : f(x)=0\}$ . , $0\in \mathbb{R}^{n}$ $f$ , $f$
, ([3], p523)
, Kronecker .
$\deg(f, 0, B)\neq 0\Rightarrow\exists x^{*}\in B$ : $f(x^{n})=0$ . (2)
, , $f$ $f(\partial B)\neq 0$
, $\deg(f, 0, B)$ .
[6, 7, 8] Stenger [5]
$\deg(f, 0, B)=\sum_{j\in\Lambda}\deg(\hat{f}^{1},0, \partial B_{j})$
, (3)
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. , $f=(fi, f_{2}, \cdots, f_{n}),\hat{f}^{1}=(f_{2_{\rangle}}f_{3}, \cdots)f_{n}),$ $\partial B=\sum_{j=1}^{N}’\partial B_{j}$ with
$\partial B_{i}$ $\partial B_{j}=\emptyset(i\neq j)$ , A $\partial B_{j}$ $fi>0$ $j$ , . (3)




$\deg(f, 0, B)=I(f(B), \{0\})$ , (4)
, $I(f(B), \{0\})$ , $f(B)$ $\{0\}$















1. ([4] p.84) $I(f(B), \{0\})$ .
$I(f(B), \{\mathrm{O}\})=I(f(\partial B), H_{1})$ , (6)
, $H_{1}=\{(h_{1},0, \cdots, 0)\in \mathbb{R}^{n} : h_{1}>0\}$ . $\square$
$B$ $\partial B$ $\{\partial B_{j}^{n-1}\}$ . , $\partial B=$
$\sum_{j=1}^{N_{1}}\partial B_{j}^{n-1}$ $\partial B_{k}^{n-1}$ $\partial B_{\ell}^{n-1}=\emptyset(k\neq P),$ $\partial B_{j}^{n-1}$ $n-1,$ $f$ 1 $f1$
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$\partial B_{j}^{n-1}$ – , . , (6) $I(f(\partial B)\rangle H_{1})$
.
$I(f( \partial B), H_{1})=\sum_{j=1}^{N_{1}}I(f(\partial B_{j}^{n-1}), H_{1})$ . (7)
(4) $I(f(\partial B_{j}^{n-1}), H_{1})$ .
$I(f(\partial B_{j}^{n-1}), H_{1})=\{$
$\deg(\hat{f}^{1},0, \partial B_{j}^{n-1})$ for $f_{1}>0$ on $\partial B_{j}^{n-1}$
$0$ tor $f_{1}\leq 0$ on $\partial B_{j}^{n-1}$ ,
(8)
, $\hat{f}^{1}=(f_{2}, f\mathrm{s}, \cdots, f_{n})$ . , (6) (3) . , $\partial B_{j}^{n-1}$
, (6) , .
$I(f( \partial B_{j}^{n-1}), H_{1})=\sum_{j_{2}=1}^{N_{j}}I(f(\partial B_{j_{2}}^{n-2}), H_{2})$ (9)
, $\sum_{j_{2}}^{N_{\dot{f}}}\partial B_{j_{2}}^{n-2}$ $\partial B_{j}^{n-1}$ , $H_{2}=\{(h_{1}, h_{2},0, \cdots, 0)\in \mathbb{R}^{n} : h_{1}, h_{2}>0\}$
.
, .
$\deg(f,\mathrm{O}, B)$ $=I(f(B), \{0\})$
$\sum_{j_{1}=1}^{N_{1}}I(f(\partial B_{j_{1}}^{n-1}), H_{1})$
$= \sum_{j_{1}=1j2}^{N_{1}}\sum_{=1}^{N_{j_{1}}}I(f(\partial B_{j_{2}}^{n-2}), H_{2})$ (10)
$\sum_{j_{1}=1}^{N_{1}}\cdots\sum_{j_{n}=1}^{N_{j_{n-1}}}I(f(\partial B_{j_{n}}^{0}), H_{n})$ ,
, $\sum_{j_{k}}^{N_{\dot{\mathrm{J}}k-1}}\partial B_{j_{k}}^{n-k}$ $\partial B_{j_{k-1}}^{n-k+1}$ , $H_{k}=\{(h_{1}, \cdots, h_{k}, 0, \cdots, 0)\in \mathbb{R}^{n}$ :
$h_{1},$
$\cdots,$ $h_{\mathrm{k}}>0\}$ . $\partial B_{j_{k}}^{n-k}$ $n-k$ , (10)
$\partial B_{j}^{n-1}$ ( ) $f$
.
Aberth (10) , $I(f(\partial B_{j}^{n-k}), H_{k})$






. , $\partial B_{j}^{\tau\iota-k}$ \mbox{\boldmath $\sigma$}(\partial Bjn- [2]
. $\sigma(B)$ +1 .
Aberth .
Step 1. : $k:=1$ . $B$ $\partial B_{j}^{n-k}$ .
Step 2. : $\partial B_{j}^{n-k}$ . $\ell=k,$ $k+1,$ $\cdots,$ $n$ $f_{\ell}(\partial \mathrm{P}‘\tau\ovalbox{\tt\small REJECT}$
.
Step 3. : , (11) .
$\bullet$ $f_{k}>0$ $f_{\ell}\ni \mathrm{O}$ for $\forall\ell=k+1,$ $\cdots,$ $n$ ,
.
$\bullet$ $f_{k}<0$ $f_{\ell}\not\supset \mathrm{O}$ for $\exists P=k+1,$ $\cdots,$ $n$ ,
.
$\bullet$ $f_{k}\ni 0$ $f_{\ell}\ni \mathrm{O}$ for $\forall\ell=k+1,$ $\cdots,$ $n$ , , Step
2 .
Step 4. :Step 2 Step 3 $j$ , $k:=k+1$ Step 2
$I(f(\partial B_{j}^{n-k}), H_{k})$ .
$k=n$ . , orientation number $I(f(B), \{0\})$ ,
$\deg(f, 0, B)$ .
$\{\partial B_{j}^{n-k}\}$ 1 .
(11) . ,






$\partial B_{1}^{0}/\backslash \backslash \partial B_{1}^{1}\ldots$
$\partial B_{j}^{0^{\backslash \backslash }}/^{\partial B_{2}^{1}}\ldots$ $\partial B_{k}^{0}/\backslash \backslash \partial B_{N_{1}}^{1}\ldots$




. , $I(f(\partial B_{j}^{n-k}), H_{k})$ $k=\check{k}$
$(1\leq\check{k}\leq n-1)$ ,
. , 1
$\{\partial B_{j}^{n-k}\}$ , . ,
Krawczyk .
(8) , $I(f(\partial B_{j}^{n-k}), H_{k})$ .
$\hat{f}(x)=(f_{k+1}, f_{k+2}, \cdots, f_{n})(x)=0$ on $\partial B_{j}^{n-k}$ , (12)
F $fi,$ $f_{2},$ $\cdots,$ $f_{k}>0$ on $\partial B_{j}^{n-k}$ . (12) $\hat{x}$ $\partial B_{j}^{n-k}$ –
, $I(f(\partial B_{j}^{n-k}), H_{k})$ $\sigma(\partial B_{j}^{n-k})$ $\mathrm{s}\mathrm{g}\mathrm{n}(\det(\partial\hat{f}/\partial u))$ at $x=\hat{x}$
. , $u=(u_{1}, u_{2}, \cdots, u_{n-k})$ $\partial B_{j}^{n-k}$ Krawczyk (12)
– . $\partial B_{j}^{n-k}$ $X$
, $\hat{f}$ Krawczyk $G(X)$ .
$G(X)=g(\tilde{x}\rangle$ $+C_{X}(X-\tilde{x}),$ (13)
, $g(x)=x-\sqrt\overline{x}^{-1}\hat{f}(x),$ $\sqrt=y(\partial\hat{f}/\partial u)|_{x=v},$ $C_{\chi}=I-\sqrt\overline{x}^{-1}J_{X}$ , $\hat{f}(x)=0$
( , [10]) . , ’ , Krawczyk (13)
.
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2. Krawczyk $G(X)(\mathit{1}\mathit{3})$ ,
$G(X)\subset X$ ud $||C_{X}||_{\infty}<1$ , (14)
, $\hat{f}(x)=0$ $\hat{x}$ $\partial B_{j}^{n-k}$ – .
, $I(f(\partial B_{j}^{n-k}), H_{k})$ .
$I(f(\partial B\wedge^{-k}), H_{k})=\sigma(\partial B_{j}^{n-k})$ . $\mathrm{s}\mathrm{g}\mathrm{n}(\det(\frac{\partial\hat{f}}{\partial u})|_{x=\delta})$ (15)
,
$G(X)\cap X=\emptyset$ , (16)
, $\partial B_{j}^{n-k}$ $\hat{f}(x)=0$ . $\check{},$ , $I(f(\partial B_{j}^{n-k}), H_{k})=0$
(14) (16) ,
. , (14) (16)
, 2 . , (14)
, $\hat{f}(x)=0$ $\hat{x}$ Newton .
4
4.1 1
$f$ : $\mathbb{R}^{n}arrow \mathbb{R}^{n}$ .
, $x=(x_{1},$ $x_{\mathit{2}},$ $\cdots$ , $x\text{ }\in \mathbb{R}^{n}$ . , – $c$




$Q=1+ \frac{1}{2}a_{0}+\sum_{j=1}^{n}a_{j}$ . (18)
$Q$ $narrow\infty$ $1- \frac{1}{2}q0^{2}$ ( $q_{0}$ :
).
2 , $n(3\leq n\leq 50)$ $M$ $T$
. $M$ (11), (14), (16) . , $Q$ $B=$
$\prod_{j=1}^{n}[\tilde{x}_{j}-w,\tilde{x}_{j}+w]$ $w$ , $Q=0.8$ $w=10^{-10}$ .
$f(x)=0$ $\tilde{x}=(\tilde{x}_{j})$ Newton Jacobi $A=(\partial f/\partial x)$ at
$x=\tilde{x}$ . , 3
$n$ . , 2.(a) $M$




(a) $M$ (b) $T$ [sec.]
2: 1 (17) $M$ $T$ [sec.] .
$M$ : (11), (14), (16) . $n$ : .
Method 1: , Method 2: .
(17) $f$ $Q$ $\mathrm{c}$
[11]. 3 , $n=3$ $c^{2}$ $\det(\partial f/\partial x)|_{x=\overline{x}}=\det A$
. , $\tilde{x}=(\tilde{x}_{j})$ (17) , $B= \prod_{j=1}^{n}[\tilde{x}_{j}-w,\tilde{x}_{j}+w]$
. $\deg(f, 0, B)$ $\det A<0$ $-1,$ $\det A>0$
+1 . $\det A=0$
, $B$ (17) , ,




3: 1(17) $\det A$ $c^{2}$
$A=(\partial f/\partial x)|_{x=\overline{x}}$ . $n=3$ .
(a) $M$ (b) $T$ [sec.]
4: 2 (19) $M$ $T$ [sec.] .
$M$ : (11), (14), (16) . $m$ : . : .
4.2 2
, 2 $f=(f1, f_{2})$ : $\mathbb{R}^{2}arrow \mathbb{R}^{\mathit{2}}$
.
$(x_{1}+\mathrm{i}x_{2})^{m}=f1(x_{1}, x_{2})+\mathrm{i}f_{2}(x_{1}, x_{2})$ , (19)
, . $f(x)=0$ $x=0$ , $\deg(f, 0, B)$
$B\ni \mathrm{O}$ $m$ . $0$ ,
4 , 2 3 , $M$













. Krawczyk ‘, ’ ,
. , Krawczyk
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